EXERCISE 2

1. The thermodynamic description of composition is known as the activity.i.e  =o+RTlna

Write down the relationship between activity and composition in each of the following cases. Assume ideal mixing and that the standard state is the pure mineral at the P&T of interest.

a) Mn3Al2Si3O12 in (Mg,Mn,Ca,Fe)3Al2Si3O12  garnet

b) garnets can have mixing of the Al with other atoms too. So try

Mg3Al2Si3O12 in (Mn,Mg,Ca)3(Al,Cr)2Si3O12. The result is a simple extension of what we've already discussed.
2). Consider the equilibrium :-

  3Fe2Al4Si5O18 = 2Fe3Al2Si3O12 + 4Al2SiO5 + 5SiO2

  Cordierite                 Garnet            Sillimanite   Quartz

The 1 bar enthalpy, entropy and volume changes are as follows :-

 Ho  = 160040J

 So= 109.6 J/K

Vo= -164.2 cm3 = -16.42 J/bar

R=8.314 J/mol.K

Calculate

  a) Equilibrium pressures at 900 and 1100K for all phases pure

 b) The equilibrium pressure at 1100K under which cordierite of Fe/(Fe+Mg) of 0.4 would coexist with garnet of XFe of 0.8 and pure quartz and sillimanite.

3) Fayalite (Fe2SiO4) and quartz are stable together at low pressures. At high pressure, however, they react to form orthopyroxene as follows :-

                   Fe2SiO4 +    SiO2     =  2FeSiO3
                    olivine     quartz    orthopyroxene

As magnesium is added to the system the pyroxene is stabilised to lower pressures. Given the following data :

a) Calculate the pressure of equilibrium between the pure phases at 1200K

b) Sketch the phase diagram labelling the fields with the stable assemblage.

c) Calculate the pressure at which olivine containing 0.91 mole fraction Fe2SiO4 would be in equilibrium with orthopyroxene containing 0.79 mole fraction FeSiO3 and pure quartz at 1200K assuming ideal solution. 

  For the pure phases          Ho = -1550 J

                                          So = -4.80 J/K

                                          Vo= - 0.32 J/bar

Assume that 1bar values of enthalpy and entropy are independent of temperature and that volumes are constant. The gas constant R= 8.314 J/mol.K
4. A reaction produces H2O at 773K and 5500bar. Using a standard state of pure H2O at 1bar and 773K, what is the activity of H2O under the following assumptions:
a) Pure H2O fluid, H2O is a perfect gas.

b) Pure H2O fluid, H2O has a fugacity coefficient of 0.42
c) H2O has a mole fraction of 0.3 in a fluid with the same fugacity coefficient as part b).
